SUMMARY. The isolated cat cerebral arteries (basilar, middle cerebral, anterior cerebral, and internal carotid) were studied in vitro. ACh at low concentration (3 X 10~8 to 3 X 10~6 M) induced relaxation, and at high concentration (1CT 5 to 3 X 1CT 3 M) induced constriction of the arteries with endothelial cells. In contrast, concentration of any magnitude (1CT 6 to 3 X 1CT 3 M) induced constriction exclusively in arteries without endothelium. Atropine (3 X 10~6 to 3 X 10~5 M) blocked and physostigmine (3 X 10~6 M) potentiated both ACh-induced relaxation and constriction. These results suggest that the relaxation induced by exogenous ACh is solely dependent on the endothelial cells and that the primary effect of the direct action of ACh on the smooth muscle cells is constriction. Transmural nerve stimulation (TNS) induced a frequency-dependent relaxation in arteries with or without endothelium. Neither atropine nor physostigmine affected the TNS-induced dilator response in either preparation. This, together with the wide separation between the nerve and endothelium in the vessel wall, suggests that ACh is not involved in TNS-induced vasodilation. Furthermore, the TNS-induced relaxation at any frequency is not smaller but greater in the arteries without endothelial cells than in those with endothelial cells. Blockade of the TNS-induced vasodilation by tetrodotoxin (TTX) or cold storage denervation did not prevent the arteries from relaxing in response to ACh or methacholine (MCh). It is concluded that the TNS-induced vasodilation is independent of the endothelial cells and that the vasodilation is due to the direct action of a yet-to-be identified dilator transmitter on the smooth muscle cells. Results of the present study support our previous finding that, in the cat cerebral artery, ACh is more likely to be a constrictor transmitter than a dilator transmitter. (Cite Res 50: 870-879, 1982) 
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From the Southern Illinois University School of Medicine, Department of Pharmacology, Springfield, Illinois SUMMARY. The isolated cat cerebral arteries (basilar, middle cerebral, anterior cerebral, and internal carotid) were studied in vitro. ACh at low concentration (3 X 10~8 to 3 X 10~6 M) induced relaxation, and at high concentration (1CT 5 to 3 X 1CT 3 M) induced constriction of the arteries with endothelial cells. In contrast, concentration of any magnitude (1CT 6 to 3 X 1CT 3 M) induced constriction exclusively in arteries without endothelium. Atropine (3 X 10~6 to 3 X 10~5 M) blocked and physostigmine (3 X 10~6 M) potentiated both ACh-induced relaxation and constriction. These results suggest that the relaxation induced by exogenous ACh is solely dependent on the endothelial cells and that the primary effect of the direct action of ACh on the smooth muscle cells is constriction. Transmural nerve stimulation (TNS) induced a frequency-dependent relaxation in arteries with or without endothelium. Neither atropine nor physostigmine affected the TNS-induced dilator response in either preparation. This, together with the wide separation between the nerve and endothelium in the vessel wall, suggests that ACh is not involved in TNS-induced vasodilation. Furthermore, the TNS-induced relaxation at any frequency is not smaller but greater in the arteries without endothelial cells than in those with endothelial cells. Blockade of the TNS-induced vasodilation by tetrodotoxin (TTX) or cold storage denervation did not prevent the arteries from relaxing in response to ACh or methacholine (MCh). It is concluded that the TNS-induced vasodilation is independent of the endothelial cells and that the vasodilation is due to the direct action of a yet-to-be identified dilator transmitter on the smooth muscle cells. Results of the present study support our previous finding that, in the cat cerebral artery, ACh is more likely to be a constrictor transmitter than a dilator transmitter. (Cite Res 50: 870-879, 1982) HISTOCHEMICAL (Lee et al., 1978) and biochemical (Florence and Bevan, 1979 ) studies strongly suggest that cerebral blood vessels of several species receive cholinergic innervation. Results from some in vivo studies have shown that stimulation of the peripheral cut end of the superficial petrosal nerve causes dilation of pial vessels and increases in cerebral blood flow. Both responses are blocked by a local or intravenous injection of atropine (Cobb and Finesinger, 1932; Vasquez and Purves, 1977) . Furthermore, intravascularly administered acetylcholine (ACh) dilates cerebral blood vessels (D'Alecy, 1977) . These results suggest that the dilator pathways via superficial petrosal nerves involve a cholinergic mechanism (Cobb and Finesinger, 1932; Vasquez and Purves, 1977; D'Alecy, 1977) . Our results from in vitro studies, however, demonstrated that the transmural nerve stimulation (TNS)-induced vasodilation of the isolated cat and rabbit cerebral arteries was not affected by guanethidine, atropine, physostigmine, or hemicholinium, suggesting that the vasodilator transmitter at the terminal synapse is nonadrenergic and noncholinergic in nature (Lee et al., 1978) . In fact, our preliminary results indicate that the direct action of exogenous ACh on cerebral vascular smooth muscle is constriction, suggesting that ACh is more likely to be a vasoconstrictor transmitter (Lee, 1980) . However, exogenously applied ACh, in low concentration, relaxes cerebral arteries that have intact endothelial cells (Lee, 1980) . This probably is due to the fact that ACh releases a relaxing substance from the endothelial cells (Furchgott and Zawadski, 1980) . The purpose of this study was: (1) to define the direct action of ACh on the vascular smooth muscle cells, and 2) to determine whether the neurogenic vasodilation and the ACh-induced vasodilation involve the same endothelial cell dependence.
Methods
Eighteen adult cats (2.2-3.5 kg) of either sex were anesthetized with pentobarbital (40 mg/kg, i.p.) prior to exsanguination. The entire brain with pial arteries attached was rapidly removed and placed in Krebs' bicarbonate solution equilibrated with 95% O2 and 5% CO2 at room temperature. The composition of the Krebs' solution was (min) Na + , 144.2; K + , 4.9; Ca 2+ , 1.6; Mg 2+ , 1.2; CP, 126.7; HCO3", 25.0; SO/", 1.19; glucose, 11.1; and calcium disodium ethylenediamine tetraacetate, 0.023. The vessels (basilar, middle cerebral, anterior cerebral, and internal carotid arteries) were dissected and cleaned of surrounding tissue under a dissecting microscope.
Ring segments (4 mm long) of the arteries were carefully cannulated with a stainless steel rod (30 gauge) of hemispherical section and a short piece of platinum wire, and were mounted in an isolated tissue bath containing 30 ml of Krebs' bicarbonate solution at room temperature. The platinum wire was bent into an inverted U shape and anchored to a plastic gate which could be moved up and down by a fine control micrometer (unislide series A1500). The steel rod was connected to a Statham strain gauge (GlOB, 0.15 oz.) for isometric recording"bf changes' iri force (Lee et al., 1978) . After 10 minutes the tempexature of the Krebs' bicarbonate solution was gradually increased to and main-Lee/Cholinergic Mechanism in Cerebral Artery tained at 37°C. Resting tension was then adjusted to 0.5 g, and a period of 1 hour was allowed for equilibration. A pair of stimulating electrodes, one on either side of the vessel, was arranged for TNS which was delivered across the electrodes via a stimulator (Grass 88). A modified coupling device (Duckies and Silverman, 1980) provided a low source impedance. Stimulation parameters (trains of 100 biphasic square wave pulse of 0.3 msec, 160 mA across the electrodes) were selected to achieve supramaximal nerve stimulation. Actual stimulation parameters were monitored with a Textronix oscilloscope. To compare the responses of drugs to TNS of arteries with and without endothelium, we used two adjacent segments of arteries.
Whereas the dilator response to stimuli may be weak or absent in a resting arterial segment, it can be demonstrated in actively constricted vessels. The active muscle tone may be intrinsic or extrinsic (Lee et al., 1978) . Although the mechanism underlying the intrinsic muscle tone is not known, it appears in some arteries after they are stretched to 400-600 mg (Lee et al., 1975) . The extrinsic active muscle tone of about 500-1200 mg was induced by several vasoactive agents such as norepinephrine (NE), serotonin (5HT), prostaglandin F 2<1 (PGF^), or uridine-5'-triphosphate (UTP). Guanethidine (3 X 10~7 M) was present in the Krebs' solution throughout all experiments to eliminate the sympathetic component.
At the end of each experiment, a dose of papaverine (3 X 10~4 M) was given to maximally relax the artery. All arterial segments were then stored in 2.5% glutaraldehyde in order to be prepared for scanning electron microscopic examination of their luminal surfaces.
Frequency-Response Relationships
The dilator responses of a given intracranial artery preparation to a set of TNS at 1, 2, 4, 8, 16, and 32 Hz in random sequence were elicited without changing the bath solution. A period of 10 minutes was allowed between each stimulation. Each individual dilator response to TNS was expressed as percent of the maximum relaxation induced by papaverine. The neurogenic response component was defined as that portion abolished by tetrodotoxin (TTX) or cold storage denervation. To study the effect of drugs such as atropine and physostigmine on the dilator response to TNS, data for two sets of frequency-response relationships were obtained from each tissue; the data for the second set were obtained 15 minutes after the addition of either drug.
Dose-Response Relationships
Dose-response relationships (relaxation and contraction) for ACh and methacholine (MCh) were obtained by a cumulative technique in the arteries with active muscle tone. ED50 values (the dose that produces 50% of the maximum relaxation or contraction) were determined for each arterial ring. From these values, the geometric means ED50 with 95% confidence intervals (Fleming et al., 1972) were calculated. To study the influence of drugs such as physostigmine or atropine on the ACh-or MCh-induced contractile and dilator responses, we obtained data for two sets of ACh and MCh dose-response curves from each tissue; the data for the second set v/ere obtained after one wash of the bathing solution and 30 minutes after addition of either drug. Data were expressed as percent of the maximum response from"the first (control) set for each drug.
Removal of the Endothelial Cells
The endothelial cells' of the arterial ring segments were mechanically removed by a standard brief, gentle rubbing 871 of the intimal surface with a stainless steel rod having a diameter (25 to 30 gauge) equivalent to the lumen of the arteries.
Scanning Electron Microscopy
Segments of freshly dissected arteries (3-4 mm long) and those from in vitro tissue bath studies were fixed in 2.5% glutaraldehyde in phosphate buffer at 4°C for at least 1 week. Under a dissecting microscope, the tissue was halved longitudinally with a pair of microscissors. The tissue was processed by the O-T-O-T-O method, with alternating changes in buffered 1.5% and aqueous 1% O S C>4 solutions and saturated thiocarbohydrazide, followed by a graded series of ethyl alcohol dehydrations and critical-point drying (Malick and Wilson, 1975) . The specimens, glued to aluminum stubs with silver paint, were examined with a Hitachi S-500 scanning electron microscope. Photomicrographs were taken at 150X, 500X, and 1000X.
Light Microscopy
To estimate the number of layers of muscle cells and the thickness of the media of the blood vessel wall, basilar, middle cerebral and anterior cerebral arteries at the base of the brain were dissected in Krebs' solution (4°C) and then fixed in 2% KMnO 4 at 4°C for 1 hour. They were further dehydrated and embedded in expoxy resin. One-to 2-jum thick sections were stained with 0.14% toluidine blue in 1% sodium borate and examined under a light microscope. The thickness of the muscle wall was determined with the aid of a micrometer fitted in the eye piece of a dissecting microscope. The number of layers of muscle cells was estimated in four positions in each of three sections taken from each specimen. The average number of smooth muscle cells was used to determine mean values.
Cold Storage Denervation
Freshly dissected arterial segments from six cats were stored in Krebs' bicarbonate solution, pH 7.4, at 4°C for 6 days to achieve cold storage denervation (Lee et al., 1978) .
Statistical Methods and Drugs Used
The data were evaluated statistically by Student's f-test for paired and unpaired samples, as appropriate. The following drugs were employed: serotonin creatinine sulfate (Calbiochem), acetylcholine chloride (Calbiochem), methacholine chloride (J.T. Baker), papaverine hydrochloride (Milan), propranolol hydrochloride (Ayerst), tetrodotoxin (TTX) (Sankyo-Tokyo), guanethidine sulfate (CIBA), atropine sulfate (Calbiochem), physostigmine salicylate (S.B. Penick), and uridine-5'-triphosphate (Sigma).
Results

Scanning Electron Microscopy
The endothelial surface of a total of 12 cerebral arterial segments from four cats, characterized by the presence of endothelial cells, was identified with scanning electron microscopy. The structure of endothelial cells appeared intact for as long as 10 hours after the arteries were placed in the Krebs' solution at 37°C in the tissue bath ( Fig. 1, a and b) . By rubbing the endothelium with a stainless steel rod, complete removal of the endothelial cells was also confirmed by scanning electron microscopy in 12 out of 12 arterial segments from four cats examined (Fig. 1, c and d ).
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Circulation Research/Vol. 50, No. 6, June 1982 Table 1 indicates that basilar, middle cerebral, and anterior cerebral arteries of the cat contain at least five layers of smooth muscle cells. The muscle layers of these arteries are more than 20 /im thick.
FIGURE 1. Scanning electron photomicrographs of the endothelial surface of the cat posterior communicating arteries. Oval elevations represent portions of endothelial cell (EC) overlying the nucleus in the endothelium of unrubbed artery (a and b). In c and d, endothelial cells are absent in the endothelium-rubbed artery. Residual debris of rubbed endothelial cells is seen (solid arrow head). The absence of endothelial cells in a (open arrowhead) is due to damage resulting from cannulation by the stainless steel rod or platinum wire (see Method
)
Light Microscopy
Acetylcholine-Induced Relaxation and Constriction
In the presence of active muscle tone, 800 ± 132.4 mg (mean ± SE, n = 7), induced by 5HT or PGF 2o , a lower concentration (10 7 to 3 X 10 6 M) of ACh induces relaxation and a higher concentration (10~5 to 3 X 10~3 M) induces constriction of the artery with endothelium ( Figs. 2A and 3) . In contrast, in,Jthe presence of active muscle tone, 692 ± 124.8 mg (mean ± SE, n = 7), induced by 5HT or.PGF 2a , the arteries without endothelium constrict exclusively in response to ACh, beginning at 10~6 M (Fig!-2B and 3) . The ACh dose-response curve of the arteries without endothe- lium is significantly to the left of that of the contraction phase of the arteries with endothelium as judged by their ED50 values (P < 0.005, unpaired r-test). When the active muscle tone (500-1200 mg) of the arteries (n = 11) was induced by UTP (10~5 to 3 X 10~° M), the arteries tended to be more sensitive to ACh in inducing vasodilation than those arteries with tone induced by 5HT. However, the ED50 values for the dilator response of both groups were not significantly different (P > 0.2, unpaired r-test) (Figs. 3-5; Table 2 ), nor were the ED50 values for the contractile response of arteries without endothelium different (P > 0.5) from arteries with active muscle tone induced by 5HT and UTP (Figs. 3-5; Table 2 ). TTX (6 X 10" 7 M) (Figs. 2, 4, and 6) and cold storage denervation (Fig.  7) did not prevent the arteries with endothelium from relaxation or constriction induced by ACh. Both AChinduced relaxation and constriction in control arteries and arteries after cold storage were consistently blocked by atropine (3 X 10" 6 to 3 X 10~5 M) (Figs. 5-7). Similar results were obtained with MCh (Figs. 5 and 7). The ACh-induced contractile response of arteries without endothelium was potentiated by physostigmine (3 X 10~6 M). This is evidenced by the significant shift of the ACh dose-response curves to the left of the control (3.6-fold) as judged by their ED50 values ( Fig. 5A ; Table 2 ). However, the effect of physostigmine on the ACh-induced dilator response was inconsistent. In three of five arterial preparations, with intact endothelium, physostigmine potentiated the dilator response to ACh at very low concentrations (Fig. 6) . However, when higher concentrations of ACh (up to 3 X 10~6 M) were given in the presence of physostigmine, the dose-response relationship was not different from that of the control ( Fig. 5A ; Table  2 ). Furthermore, in the presence of physostigmine (3 X 10" 6 M), ACh at 3 X 10~6 M induced contraction in three of five arteries with endothelium (Fig. 5A) , whereas this concentration of ACh in the absence of physostigmine induced maximum relaxation of the same arteries (Figs. 3-5 ).
Transmural Nerve Stimulation-Induced Relaxation
In the presence of 5HT-induced active muscle tone, 641.0 ± 127.1 mg (mean ± SE, n = 7) in arteries with endothelium and 837.4 ± 210.5 mg (mean ± SE, n = 7) in arteries without endothelium, both arterial preparations relaxed upon TNS (Figs. 2 and 6 ). The arteries with and without endothelial cells relaxed immediately (between 1 and 1.3 seconds) after beginning TNS at 8 Hz. There was no apparent difference in the latency for dilator response at 2, 4, 8, 16, or 32 Hz (Figs. 2 and 6 ). The TNS-induced relaxation at 4, 8, and 16 Hz was significantly greater in arteries without endothelial cells than in those with endothelial cells (Fig-8) .
Results of the present study concur with our previous findings (Lee et al., 1978 ) that neither atropine (3 X 10~6 to 3 X 10" 5 M) nor physostigmine (3 X 10" 
FIGURE 3. Acetylcholine (ACh) dose-response relationship in the cat cerebral arteries with (+) or without (-) endothelium. In the presence of active muscle tone induced by 5HT, ACh induced a dose-dependent relaxation in arteries with endothelial cells. The maximum relaxation induced by ACh (3 X I0~6 M) is equivalent to approximately 67% of the maximum relaxation induced by papaverine (PPV, 3 X JO" 4 M). The artery began to constrict when the dose of ACh exceeded 3 X 10~6 M and reached the original active tone at approximately 67% of the maximum contraction. In the presence of active muscle tone, the arteries without endothelial cells constricted exclusively in response to ACh. The EDw values of the contractile components in both arterial preparations are significantly different (P < 0.005, unpaired t-test). The vertical bars represent standard errors; n = number of experiments.
ACh (10~7 to 1CT 6 M), which did not change the muscle tone in arteries without endothelium, did not affect the TNS-induced dilator response (not shown). The TNS-induced relaxations in all arterial preparations were abolished by TTX and cold storage (Figs. 2, 6 , and 7). Forbes and Wolff (1928) , Chorobski and Pennfield (1932) , and Cobb and Finesinger (1932) reported that the cat cerebral blood vessels receive parasympathetic cholinergic nerves. Subsequent findings based on histochemical (Owman et al., 1974; Lee et al., 1978) and biochemical studies (Florence and Bevan, 1979) have further demonstrated the presence of cholinergic nerves in cerebral blood vessels of cats and several other species. This cholinergic nerve, based on some in vivo physiological studies (Cobb and Finesinger, 1932; Vasquez and Purves, 1977; D'Alecy, 1977) , is thought to be the dilator nerve, and ACh is thought to be the dilator transmitter. However, results from other in vivo studies fail to show a change in cerebral blood flow during electrical stimulation of the petrosal nerve (Scremin et al., 1979; Busija and Heistad, 1981) . The concept of cholinergic nerve as the dilator nerve was challenged by the results from in vitro studies which found TNS-induced vasodilation of the isolated cat cerebral artery to be unaffected by atropine and several other cholinergic drugs (Lee et al., 1975; Lee et al., 1978) . This was further supported by the failure to find a positive correlation between the degree of neurogenic dilator response and that of cholinergic innervation in the cerebral arteries of cat and rabbit (Lee et al., 1978; Florence and Bevan, 1979) .
Discussion
In the present study, the control arteries with intact endothelium consistently dilated upon TNS and upon exogenous application of ACh at a lower concentration. These arteries began to constrict when the concentration of ACh exceeded 3 X 10~6 M. In contrast, those arteries without endothelium did not relax, but constricted exclusively in response to ACh at both low and high concentrations, while TNS-induced dilation persisted as in the control arteries with endothelium (Fig. 2) . A similar result was also obtained with MCh. These results are consistent with the previous finding that ACh-induced relaxation is dependent solely on the endothelial cells (Lee, 1980) . It is likely that ACh and MCh cause vasodilation indirectly by releasing a relaxing substance from the endothelial cells (Furchgott and Zawadski, 1980) . Furchgott and Zawadski (1980) reported that merely a gentle rubbing of the endothelium of the rabbit aortic strip would be enough to damage the function of the endothelial cells. In the present study, the endothelial cells of the arterial segment were completely removed. The absence of endothelial cells was confirmed by scanning electron microscopic observations (Fig. 1) . It should be pointed out that careful cannulation of the arteries with a stainless steel rod and malleable wire for in vitro studies (see Methods) did not damage the endothelial cells except in the small area directly in contact with those cannulas (Fig.  1) . The control arteries, so cannulated, consistently relaxed in response to low concentration of ACh.
When the neurogenic vasodilation was blocked by TTX or cold storage denervation, ACh and MCh still induced relaxation and constriction in the arteries with endothelium and induced only constriction in the arteries without endothelium. This confirms that the direct action of ACh on the vascular smooth muscle is constriction, and strongly suggests that ACh is a smooth muscle constrictor. ACh has also been shown to cause vasoconstriction exclusively in several peripheral vasculatures without endothelial cells (Furchgott and Zawadski, 1980) . Both ACh-induced relaxation and constriction apparently were mediated 
FIGURE 4. In the presence of UTP-induced active muscle tone, two consecutive sets of dose-response relationships for ACh-induced vasodilation (of arteries with intact endothelium, • ) and constriction (of arteries without endothelium, X] were constructed for each arterial preparation. The first and second sets of dose-response relationships for either type of response were not different (A), nor was either response affected by TTX (6 X I0" 7 M) (B). n = 3 experiments for each dose-response curve. The vertical bars represent standard errors.
FIGURE 6. Effect of physostigmine and atropine on transmural nerve stimulation (TNS)-induced relaxation and acetylcholine (ACh)-induced relaxation and constriction of the cat middle cerebral arteries. Physostigmine (A and B) potentiated and atropine (C and D) blocked the ACh-induced dilator response of arteries with intact (+) endothelium and constriction of arteries without (-) endothelium ( for statistical details, see text). However, neither drug affected the TNS-induced dilator response of either preparation. The dilator response was blocked by tetrodotoxin (TTX). Active musde tone was induced by uridine-5'-triphosphate (UTP)
.
FIGURE 7. Effect of cold storage on transmural nerve stimulation (TNS)-induced relaxation and acetylcholine (ACh) and methacholine (Mch)-induced responses of the cat middle cerebral arteries. Cold storage abolished TNS-induced relaxation in the artery with endothelium but did not prevent it from relaxation induced by ACh and MCh (A and C). In the arteries without endothelial cells (B and D), ACh and MCh did not induce any dilator response. Atropine blocked the ACh-and MCh-induced dilator and constrictor responses (A,B,C, and D). Active muscle tone was induced by serotonin (5HT). Papaverine (PPV, 3 X 10~" M) induced maximal relaxation. Number with arrow indicates the negative log molar concentration of ACh in the bath. Wash (w).
by muscarinic receptors, since atropine clearly blocked and physostigmine potentiated both responses (Lee, 1980; present result) . It should be pointed out that the dilator response of arteries with endothelium to ACh of very low concentration was potentiated by physostigmine. Vasodilation induced by higher concentration of ACh (up to 3 X 10~6 M), however, was not potentiated by physostigmine (Fig. 5A) . The concentration of physostigmine (3 X 10~6 M) used was believed to be effective in inhibiting cholinesterase enzymes, since this concentration of physostigmine also potentiated the constriction induced by ACh of arteries without endothelium. Furthermore, in arteries with endothelium, ACh at 3 X 1CT 6 M always induced maximum relaxation in the absence of physostigmine but frequently constriction in the presence of physostigmine. These results suggested that the constrictor response of arteries with endothelium to higher concentration of ACh was also potentiated by physostigmine. Thus, the failure to demonstrate a change of ACh doseresponse relationship by physostigmine in arteries with endothelium could be due to the fact that potentiation of both constrictor and dilator responses masked each other. The inconsistency in findings of the effect of physostigmine on ACh-induced dilator response may also suggest that distribution of cholinesterase enzymes is variable among the smooth muscle and endothelial cells.
The dichotomous actions of exogenously applied ACh (indirect vasodilation at a low concentration and direct vasoconstriction at a high concentration) suggest that, if, indeed, ACh is released by the nerve, it may have dual actions in controlling cerebral vascular tone. However, morphological evidence reveals that the nerve terminals of any type are found only in the adventitia of cerebral arteries (Owman et al., 1974; Lee, 1981) . This result points out that the nerve terminals and endothelial cells are separated by wide multismooth muscle layers (Table 1) . It is very unlikely that the nerve-released ACh will diffuse such a long distance and be effective to release the relaxing substance from the endothelial cells.
According to Bevan and Su (1974) , the concentration of the synaptic transmitter would be expected to fall off inversely with the cube of the radius. The distance between nerve terminals and endothelial cells is at least 20 /im, for example, in the anterior cerebral artery (Table 1) . Without taking into consideration a diffusion barrier such as smooth muscle, the threshold concentration of nerve-released ACh (10~? M) at the endothelial cells to induce vasodilation should be preceded by a concentration of at least 8000 times higher than 10~7 M at the synaptic region. This latter concentration, equivalent to 8 X 10~4 M, would be expected to cause a constriction prior to any relaxation (see Fig. 3 ). TNS, however, has not been shown to cause constriction of the cat cerebral arteries (Lee et Circulation Research/Vo/. 50, No. 6, June 1982 al., 1978, and present result). The absence of vasoconstriction could not be due to masking of constriction by the dilator response, since neither atropine nor physostigmine affected the magnitude of the TNSinduced dilator response of the arteries with or without endothelial cells. In this regard, it is quite possible that the concentration of nerve-released ACh, if any, at the synaptic region upon TNS is lower than 10~6 M, the threshold dose for constriction . Furthermore, there is no apparent difference in the latency for vasodilator responses in the arteries with or without endothelial cells. The TNS-induced vasodilation is not smaller, but, in fact, is greater in the arteries without endothelial cells than in those with endothelial cells (Fig. 8) . Although the reason for the greater neurogenic dilation in the arteries without endothelial cells than those with endothelial cells is not known, it indicates that the TNS-induced vasodilation does not depend on, nor involve the release of, a relaxing substance from the endothelial cells.
The presence of close junctions (gap junctions) between membranes of smooth muscle cells and between those of smooth muscle cells and endothelial cells (Nelson and Rennels, 1970; Dahl, 1973; unpublished observation) might serve as low resistance sites for electrotonic coupling to take place (Somlyo, 1980) . Therefore, an alternative mechanism for an ACh transmitter to induce vasodilation is that a possible change in membrane potential of the smooth muscle cells of the outermost layer may be transmitted through the gap junctions to the endothelial cells, from which the relaxing substance may be released. This possibility is also unlikely, since the TNS-induced vasodilation persists and is not smaller in the arteries that have had their endothelial cells removed.
In the presence of guanethidine to eliminate the sympathetic component, the neurogenic vasodilation was not affected by atropine or physostigmine, supporting our previous finding that an unidentified dilator transmitter rather than ACh is responsible for vasodilation (Lee et al., 1978) may not be sufficient to bring about an effect, in the presence or absence of physostigmine, the TNS-induced dilation in arteries without endothelial cells is not affected by exogenous ACh (up to 1CT 6 M). This result would not support the possibility that a presynaptic cholinergic feedback mechanism (Kilbinger, 1978) is participating in neurogenic vasodilation. These results further suggest that the nerve-released ACh may not play an important role in direct control of cerebral vascular tone like that of norepinephrine from the sympathetic nerve (Aim and Bill, 1973; Heistad et al., 1978; Lee et al., 1978 Lee et al., , 1981 .
Results of the present study are in conflict with some in vivo findings that atropine blocks both pial vessel dilation and increased cerebral blood flow following electrical stimulation of the superficial petrosal nerve (Cobb and Finesinger, 1932; Vasquez and Purves, 1977; D'Alecy, 1977; Pinard et al., 1979 ). As we have suggested (Lee, 1980) , one possible explanation for the discrepancy between in vitro and in vivo findings is that ACh may be involved in the dilator pathway at sites other than the terminal synapse. However, it should be pointed out that the site of action of atropine when intravascularly administered to block neurogenic vasodilation may not be specific for muscarinic receptors. Krnjevic (1974) has reported that atropine may depress central noncholinergic transmission.
In conclusion, although ACh has been shown to modulate norepinephrine release from the sympathetic nerve in cat cerebral arteries, blockade of sympathetic nerve by no means affects TNS-induced vasodilation (Lee et al., 1978) , nor is the neurogenic vasodilation affected by cholinergic drugs. These results indicate that, rather than ACh, an as yet unidentified transmitter is responsible for vasodilation. The role of ACh in direct control of cerebral vasculature is in question. However, the present finding suggests that ACh is a potential constrictor transmitter, at least in the large arteries at the base of the cat brain. This finding may be critical for the delineation of the diverse nature of neurogenic control of brain circulation.
